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© Sustained-release pharmaceutical preparation and process for preparing the same. 



© A sustained release pharmaceutical preparation 
comprising a carrier, an effective ingredient layer 
containing a medicinal compound and a heat-melt- 
able material as a binder which is formed around 
said carrier and a coating layer containing a non- 
heat-meltable dissolution-controlling agent and a 
heat-meltable material as a binder which is formed 
around said effective ingredient layer and the pro- 
cess for preparing the same. According to the 



present Invention, the formation of the effective in- 
gredient layer and the formation of the coating layer 
can be successively carried out in the same appara- 
tus without using any solvents or drying step in short 
hours to give a sustained release pharmaceutical 
preparation which can release a medicinal com- 
pound at a suitable dissolution rate according to the 
physical property of the medicinal compound. 
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The present invention relates to a sustained 
release pharmaceutical preparation and a process 
for preparing the same, and more particularly to a 
sustained release pharmaceutical preparation which 
releases a medicinal compound at a dissolution 
rate suitable for the medicinal compound and a 
process for easily and efficiently preparing the 
same 

Hitherto, a pharmaceutical preparation wherein 
a core containing a medicinal .compound is coated 
around its surface with a hydrophobic material such 
as fat and oil or wax, has been known as a sus- 
tained release pharmaceutical preparation which re- 
leases a medicinal compound gradually. 

Such sustained release pharmaceutical prep- 
aration comprises a core containing a medicinal 
compound as an effective ingredient and a coating 
layer containing a hydrophobic material around the 
core for controlling the dissolution of the medicinal 
compound. 

The above-mentioned core and coating layer 
are usually prepared by separate processes re- 
spectively. That is, the core containing a medicinal 
compound is prepared by the usual process such 
as wet granulation or dry granulation and then the 
coating layer is provided thereon by another pro- 
cess with another equipment. 

Various techniques have been reported with 
respect to processes for preparing the coating lay- 
er which controlls dissolution rate of an effective 
ingredient. As processes for preparing the coating 
layer containing a hydrophobic material, the follow- 
ing processes have been known. 

As a general process, a hydrophobic solid ma- 
terial is dissolved in an organic solvent and then 
the obtained solution is sprayed on the surface of a 
core containing a medicinal compound followed by 
drying to coat the solid particle with the hydropho- 
bic solid material. In such melhod, however, a 
halogenated hydrocarbon such as carbon tetrachlo- 
ride or chloroform, a hydrocarbon such as hexane 
or benzene, a lower alcohol such as methanol or 
propanol, a ketone such as acetone and the like 
which are harmful to human body, are usually used 
as an organic solvent. Therefore, considerable 
equipments are required to secure the safety of 
workmen and to prevent air pollution as to the 
preparation of sustained release pharmaceutical 
preparations. Furthermore, considerable equip- 
ments and time are also required to remove the 
above-mentioned solvents from coated pharmaceu- 
tical preparations. Nevertheless there still remain 
the organic solvents in the pharmaceutical prepara- 
tions. 

In order to solve the above-mentioned prob- 
lems, there is proposed a powder coating process 
wherein fine particles of a hydrophobic solid ma- 
terial are spread on the surface of a core contain- 



ing a medicinal compound while rolling the core 
with spraying an aqueous solution of a binder such 
as methylcellulose which is a polymer compound 
soluble in water or an alcohol, thereby the hy- 
5 drophobic solid material adhering to the core, in 
Japanese Unexamined Patent Publications No. 
99009/1988 and No. 27424/1988. In this method, 
the amount of an organic solvent to be used is 
considerably reduced in comparison with that In 

10 the method wherein a hydrophobic material is coat- 
ed by spraying an organic solvent solution thereof, 
or such organic solvents are not required. However, 
there still remain problems concerning equipments 
and time required in drying step and concerning 

75 the safty on using organic solvents, because water 
or organic solvents are still used. 

As a process for coating a hydrophobic ma- 
terial such as fat and oil or wax without using water 
nor any organic solvent, there is a fused coating 

20 process. As one of a fused coating process, there 
is known a process wherein a heat-meltable ma- 
terial is molten with heating and then sprayed for 
coating. However, this process requires a melting 
pot and pipes, nozzles and the like which can be 

25 kept high temperature as equipments for coating 
the molten heat-meltable material. In addition, the 
workability is low in this process. 

On the other hand, there Is known a process 
wherein powder of a heat-meltable material is 

30 spread on powder or tablets and the mixture is 
rolled with heating to coat the powder or tablets 
with the heat-meltable material in Japanese Exam- 
ined Patent Publication No. 3789/1965, as a pro- 
cess for coating powder or tablets with a heat- 

35 meltable material on their surface According to this 
process, the coating can be carried out without 
using organic solvent at all nor requiring particular 
pipe arrangement. As a process for forming a 
dissolution-controlling coating layer which utilizes 

40 the above-mentioned process, there discloses a 
process wherein a core containing theophylline as 
a medicinal compound and a heat-meltable ma- 
terial such as wax are rolled with heating and after 
the heat-meltable material is molten, hydrophobic 

45 fine powder such as calcium stearate is spread, 
thereby the hydrophobic fine powder adhering to 
the core in Japanese Unexamined Patent Publica- 
tion No. 171918/1982. In this process, a heat-melt- 
able material and fine powder of a hydrophobic 

50 material are added separately without mixing. 
Therefore, operations are complicated and there 
remains a problem in uniformity of the dissolution- 
controlling coating layer. 

On the other hand, as processes which further 

55 simplify the preparation of a sustained release 
pharmaceutical preparation, there are disclosed 
processes wherein two steps, namely a step of 
preparing a core containing a medicinal compound 
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as an effective ingredient using a heat-meltable 
bead and a step of fomiing a coating layer thereon 
for controlling the dissolution of the medicinal com- 
pound, are carried out successively in Japanese 
Unexamined Patent Publications No. 214333/1983 
and No. 181214/1987. In these processes, while 
the surface of the heat-meltable bead is molten in 
fluidized-bed granulator with heating, a medicinal 
compound is added to the above-mentioned heat- 
meltable bead which serves as a carrier, thereby 
the medicinal compound adhering to the carrier to 
give core containing an effective ingredient. Suc- 
cessively thereto is added a water-Insoluble ma- 
terial such as talc while fluidizing the core with 
heating, thereby the water-Insoluble material adher- 
ing thereto to form a coating layer for controlling 
the dissolution of the medicinal compound. How- 
ever, in these processes, the total amount of the 
medicinal compound and a water-Insoluble material 
which adheres to the heat-meltable bead Is limited 
because they successively adhere to the molten 
surface of the heat-meltable bead. That is, it is 
difficult to freely increase the amounts of a medici- 
nal compound and a water-insoluble material and 
therefore it is understood that the above-mentioned 
processes are not suitable for controlling the dis- 
solution rate of the medicinal compound of a sus- 
tained release pharmaceutical preparation by in- 
creasing or decreasing the coating amount of the 
water-insoluble material. Furthermore, in the above- 
mentioned processes, strict control of the tempera- 
ture is required during the process, because pow- 
der adheres to a heat-meltable bead while the 
heat-meltable bead gradually melts from Its sur- 
face. 

An object of the invention is to provide a sus- 
tained release pharmaceutical preparation whose 
release of a medicinal compound is accurately 
controlled suitably for the medicinal compound, 
and a simple process for safely preparing the sus- 
tained release pharmaceutical preparation which 
does not require organic solvents, by solving the 
above-mentioned problems in processes wherein 
organic solvents are not used and in processes 
wherein a core containing an effective ingredient 
and a coating layer for controlling the release of 
the effective ingredient are prepared successively. 

It has now been found that the formation of an 
effective ingredient layer containing a medicinal 
compound and the formation of a coating layer for 
controlling the dissolution of the medicinal com- 
pound can be successively carried out with ease 
and high accuracy without using any solvents such 
as water or organic solvents by a process wherein 
a rapid release core Is prepared by spreading a 
mixture containing a medicinal compound, a heat- 
meltable material as a binder and, if necessary, 
one or more non-heat-meltable material to a carrier 



at a temperature at which the heat-meltable ma- 
terial can melt, thereby the mixture adhering ar- 
ound the carrier, and then a coating layer for con- 
trolling the dissolution of the medicinal compound 

5 is formed by spreading a mixture containing a 
water-insoluble and non-heat-meltable dissolution- 
controlling agent and a heat-meltable material as a 
binder under the same condition in the preparation 
of the core, thereby the mixture adhering around 

10 the core. 

That is, there is provided a sustained - release 
pharmaceutical preparation comprising 

(1) a carrier, 

(2) an effective ingredient layer which is formed 
75 around the carrier, said effective ingredient layer 

containing a medicinal compound and a heat- 
meltabie material as a binder, and 

(3) a coating layer which Is formed around the 
effective ingredient layer, said coating layer con- 

20 taintng a non-heat-meltable dissolution-control- 
ting agent and a heat-meltable material as a 
binder. 

Furthermore, there Is provided a process for 
preparing a sustained release phannaceuticai prep- 
25 aratlon which comprises: 

(1) adding a mixture containing a medicinal 
compound and a heat-meltable material to a 
particulate carrier with rolling the carrier at a 
temperature at which the heat-meltable material 

30 can melt, to form an effective ingredient layer 
containing the medicinal compound and the 
heat-meltable material as a binder around the 
carrier, thereby providing a core, and 

(2) successively adding a mixture containing a 
35 heat-meltable material and a non-heat-meltable 

dissolution-controlling agent to the core under 
the same condition as in the step (1) to form a 
coating layer containing the non-heat-meltabte 
dissolution-controlling agent and the heat-melt- 
40 able material as a binder around the core. 

Fig. 1 is an elevation partly in section showing 
the structure of a sustained release pharmaceutical 
preparation of the present invention Fig. 2 Is a 
graph showing the result of the dissolution test in 
45 Test Example 1 as to sustained release pharma- 
ceutical preparations obtained In Example 1. Rg. 3 
is a graph showing the result of the dissolution that 
in Test Example 1 as to sustained release phar- 
maceutical preparations obtained in Example 2. 
50 Fig. 4 is a graph showing the result of the dissolu- 
tion test in Test Example 1 as to sustained release 
pharmaceutical preparations obtained in Example 
3. 

A sustained - release pharmaceutical prepara- 
55 tion of the present Invention is, as shown in Fig. 1, 
for example, a granule comprising a carrier 1, an 
effective ingredient layer 2 containing a medicinal 
compound and a heat-meltable material as a binder 
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which is formed around the carrier 1 and a coating 
layer 3 containing a water-insoluble and non-heat- 
meltable dissolution-controlling agent and a heat- 
meltable material as a binder which Is formed 
around the effective ingredient layer 2. 

A medicinal compound which can be contained 
In the sustained - release pharmaceutical prepara- 
tion of the present Invention is not particularly 
limited. As such medicinal compound, there are. for 
example, calcium antagonists such as diltiazem 
hydrochloride, verapamil hydrochloride, nicardipine, 
nitrendipine and nimodiplne, antiasthmatic agents 
such as theophylline and trimetoquinol. water solu- 
ble vitamins, antibiotics, antimalignanttumor agents, 
antipyretic analgesics, antihyperglycemic agents. 

As a heat-mettable material to be used in the 
effective Ingredient layer of the sustained release 
pharmaceutical preparation of the present inven- 
tion, a substance which is In a powdery state at an 
ordinary temperature and melts at a temperature of 
from 30* to 100* C can be used. For example, a 
higher fatty acid, a higher aliphatic alcohol, an ester 
of a higher fatty acid, an ester of a hydroxyl group- 
containing higher fatty acid, a polyethyieneglycol 
and the like can be used. On the other hand, as a 
heat-meltable material to be used in the coating 
layer, the above-mentioned substances which are 
usable in the effective ingredient layer can be used 
except for a polyethyieneglycol. The heat-meltable 
material usable in the coating layer can be used, if 
desired, together with a polyethyieneglycol. 

Higher fatty acids include, for example, a satu- 
rated or unsaturated fatty acid having 10-32 carbon 
atoms and the like. Higher fatty aliphatic alcohols 
include, for example, an aliphatic monatomic al- 
ochol having 12-30 carbon atoms and the like. 
Esters of higher fatty acids include, for example, an 
ester of a saturated or unsaturated fatty acid having 
14-24 carbon atoms and an aliphatic monatomic 
alcohol having 12-24 carbon atoms, an ester of a 
saturated or unsaturated fatty acid having 12-18 
carbon atoms and glyceline. a hydrogenated com- 
pound thereof, mixture thereof and the like Esters 
of a hydroxyl group-containing higher fatty acid 
include an ester of a hydroxyl group-containing 
fatty acid having 12-22 carbon atoms and an al- 
ipahtic monatomic alcohol having 12-22 cartwn 
atoms, an ester of a hydroxyl group-containing 
saturated fatty acid having 12-22 carbon atoms and 
glycerine, an ester of a hydroxyl group-containing 
unsaturated fatty acid having 12-22 carbon atoms 
and glycerine, a hydrogenated comound thereof, 
mixture thereof and the like 

As examples of higher fatty acids, there are, for 
example, capric acid, undecylic acid, lauric acid, 
tridecylic acid, myristic add, pentadecyllc acid, 
palmitic acid, heptadecylic acid, stearic acid, non- 
adecanoic acid, arachic acid, behenic acid, lig- 



noceric acid, cerotic acid, heptacosanoic acid, 
montanic acid, melissic acid, lacceric acid, elaidic 
acid, brassidic acid and the like. Among these 
examples, myristic acid, palmitic acid, stearic acid. 
5 nonadecanoic acid and behenic acid, in particular, 
palmitic acid, stearic acid and behenic acid are 
preferable. 

As examples of higher aliphatic alcohols, there 
are, for example, lauryl alcohol, tridecyl alcohol. 

10 myristyl alcohol, pentadecyl alcohol, cetyl alcohol, 
heptadecyl alcohol, stearyl alcohol, nonadecyl al- 
cohol, eicosyl alcohol, ceryl alcohol, melissyl al- 
cohol and the like. Among these examples, cetyl 
alcohol, stearyl alcohol and eicosyl alcohol, in par- 

75 ticular. cetyl alcohol and stearyl alcohol are prefer- 
able. 

As examples of esters of a higher fatty acid, 
there are, for example, an ester of a fatty acid such 
as myristyl palmitate, stearyl stearate, myristyl 

20 myristate, ceryl lignocerate. lacceryl cerotate or 
lacceryl laccerate, natural wax obtained from ani- 
mals such as lanolin, beeswax, spermaceti and 
shellac wax, natural wax obtained from plants such 
as carnauba wax and candelilla wax. glyceryl mon- 

25 olaurate, glyceryl monomyristate, glyceryl mon- 
ostearate, glyceryl dilaurate, glyceryl dimyristate, 
glyceryl distearate, glyceryl trilaurate, glyceryl 
trimyristate, glyceryl tristearate, beef tallow, lard, 
hydrogenated beef tallow, hydrogenated rape seed 

30 oil, hydrogenated castor oil, hydrogenated coconut 
oil. hydrogenated soybean oil and the like. Al- 
though natural wax, beef tallow, lard and various 
hydrogenated oil contain various kinds of compo- 
nents, all of them can be suitably used in the 

35 sustained - release pharmaceutical preparation of 
the present invention For example, although shellac 
wax contains ceryl lignocerate as a main ingredient 
and ceryl cerotate, lacceryl laccerate, a free al- 
cohol, a hydrocarbon and a resin as the other 

40 components, such shellac wax can be suitably 
used. 

As examples of esters of a hydroxyl group- 
containing higher fatty acid, there are, for example, 
triglyceryl hydroxysterate and the like. 

45 As examples of polyethyleneglycols, there are, 
for example. polyethyieneglycol 600. 
polyethyieneglycol 1000, polyethyieneglycol 1500, 
polyethyieneglycol 1540, polyethyieneglycol 4000. 
polyethyieneglycol 6000 and the like. 

50 These heat-meltable materials can be used 
alone or as a suitable mixture of at least two kinds. 

If necessary, the effective ingredient layer may 
contain non-heat-meltable pharmaceutical additives 
which do not melt at a temperature of at most 

55 100*C. For example, generally usable pharmaceu- 
tical additives such as excipient, disintegrator, bind- 
er, coating agent, lubricant and solubilizer polymer 
compound and the like can be used. 
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As pharmaceutical additives, there are, for ex- 
ample, exclplents such as lactose, sucrose, man- 
nitol, D-sorbitcl, glucose, dextrin, calcium phos- 
phate, magnesium silicate, colloidal silicon dioxide, 
aluminium silicate, calcium carbonate, calcium lac- 5 
tate, aluminium metasllicate, dibasic calcium phos- 
phate, magnesium aluminometasilicate, aluminium 
hydroxide, magnesium hydroxide, precipitated cal- 
cium carbonate and calcium hydrogencarbonate, 
disintegrators such as corn starch, microcrystalllne io 
cellulose, sodium carboxymethylcellulose, calcium 
carboxymethylcellulose, carboxymethylcellulose. 
low-substituted hydroxypropylcellulose and sodium 
carboxymethyfstarch, binders such as hydrox- 
ypropylcellulose, hydroxypropylmethylcellulose, 75 
methylcellulose, ethylcellulose, dextrin, sodium al- 
ginate, gelatin and hydroxypropylstarch. coating 
agents such as acrylic resin, pullulan, hydrox- 
ypropylmethylcellulose, hydroxypropylmethylcel- 
lulose phthalete. hydroxypropylmethylcellulose 20 
acetate phthalete, carboxymethylethylcellulose, cel- 
lulose acetate, cellulose acetate phthalete. shellac 
and zein. polymer compounds such as chllin and 
chltosan. lubricants such as magnesium stearate. 
calcium stearate, talc, titanium dioxide, colloidal 25 
silicon dioxide, magnesium silicate, dried alumin- 
ium hydroxide gel and dibasic calcium phosphate, 
solubillzers such as citric acid, succinic acid, 
fumaric acid, malic acid, tartaric acid, maleic acid, 
glutaric acid, sodium bicarbonate and sodium car- 30 
bonate and the like. 

The particle diameters of these non-heat-melt- 
able materials are generally at most 500 u m. 
preferably in a range of from 1 to 300 u m. 

As a non-heat-meltable dissolution-controlling 35 
agent in the coating layer of the sustained release 
pharmaceutical preparation of the present Inven- 
tion, water-insoluble materials such as magnesium 
stearate. calcium stearate. talc, titanium dioxide, 
colloidal silicon dioxide, magnesium silicate, dried 40 
aluminium hydroxide gel, precipitated calcium car- 
bonate and calcium sulfate which do not melt at 
the temperature of at most 10O'C, can be used. 
These dissolution-controlling agents can be used 
alone or as a mixture of at least two kinds. 45 

These non-heat-meltable dissotution-controlling 
agents are generally used as powder and the par- 
ticle diameters of them are generally at most 500 u 
m, preferably in a range of from 1 to 300 u m. 

To the coating layer. If necessary, a water- 50 
soluble and non-heat-meltable material such as lac- 
tose and mannitol can be added in order to in- 
crease the dissolution rate of a medicinal com- 
pound. A water-soluble and heat-meltable material 
such as polyethyleneglycol can be also added to 55 
the coating layer In order to increase the dissolu- 
tion rate. 

As a carrier usable in the present invention, 



any materials which are pharmacologically inactive 
and do not interact with the used medicinal com- 
pound can be used as well as commercially avail- 
able granulated sucrose such as Nonpareil (trade 
name, Freund Industrial Co. Ltd., Japan). For ex- 
ample, there can be exemprified sugars or sugar- 
alcohols such as sucrose, lactose, mannitol and 
xylitol, various kinds of cellulose, various kinds of 
starch. Though these materials can be used as 
crystal thereof or as granule or beads obtained by 
granulating themselves alone or the mixture there- 
cf, more spherical carriers are more suitable for 
coating the effective ingredient layer or the coating 
layer. 

The particle diameters of these carriers are 
suitably from 10 to 2000 u m. preferably from 50 
to 1500 u m. although they are suitably selected 
according to the size of a desired pharmaceutical 
preparation. 

The process of the present invention can be 
carried out using a granulating and coating appara- 
tus such as tumbling granulator or centrifugal 
fluidizing type granulating and coating apparatus 
which are generally used when carrying out granu- 
lation or coating. The process of the present inven- 
tion can be carried out by spreading a mixture 
containing a medicinal compound, a heat-meltable 
material, and if desired, a non-heat-meltable ma- 
terial which are generally used as pharmaceutical 
additives such as excipient and solubilizer to a 
carrier with rolling the carrier under heating to form 
an effective ingredient layer containing the medici- 
nal compound and the heat-meltable material as a 
binder around the carrier, thereby providing a core, 
and successively spreading a mixture containing a 
heat-meltable material and a non-heat-meltable 
dissolution-controlling agent to the core with rolling 
the core under heating to form a coating layer 
containing the dissolution-controlling agent and the 
heat-meltable material as a binder for controlling 
the dissolution of the medicinal compound around 
the core. 

For example, one of the suitable process is 
described in the followings. 

First, the forming of an effective ingredient 
layer on a carrier is carried out as follows. A carrier 
is previously put into the above-mentioned 
granulating and coating apparatus and rolled in it 
with heating at a temperature of from at least 5*C 
higher than the melting point of a heat-meltable 
material to be used in the effective ingredient layer 
to 100* C. The heating temperature may be a tem- 
perature at which the heat-meltable material en- 
tirely melts and therefore the temperature is not 
required to be strictly controlled. Then a mixture of 
the heat-meltable material, a medicinal compound 
and. if necessary, a non-heat-meltable pharmaceu- 
tical additive is spread with rolling the carrier, 
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thereby the mixture adhering to the carrier. Al- 
though the mixing ratio of the heat-meltable ma- 
terial to the other components somewhat varies 
accoring to the combination of them. 5 : 95 to 50 : 
50, preferably 10 : 90 to 40 : 60 by weight is 
suitable. In case that the ratio of the heat-meltable 
material Is higher than the above-mentioned ratio, 
granule easily agglomerates and adheres to walls 
of the apparatus resulting lowerings of recovery 
percentage and of good product percentage. On 
the other hand. In case that the ratio of the heat- 
meltable material is lower than the above-men- 
tioned ratio, dusting of the non-heat-meltable ma- 
terial increases resulting In a lowering of recovery 
percentage. 

The rotating speed is carried out at from 50 to 
500 rpm, preferably from 60 to 400 rpm, for from 3 
to 300 minutes, preferably for from 5 to 180 min- 
utes. 

The thickness of the effective ingredient layer 
of thus obtained core is usually from 5 to 500 u m. 
The surface of the above-mentioned effective in- 
gredient layer is smooth and the obtained core has 
high sphericity. Therefore, thus obtained core can 
be suitably coated with the coating layer in the 
second step. 

Second, the forming of a coating layer on the 
above-mentioned core Is carried out as follows. 
The core is rolled in the granulating and coating 
apparatus with heating at a temperature of from at 
least 5*C higher than the melting point of a heat- 
meltable materia! to be used in the coating layer to 
1 00 'C as in the coating step of the effective Ingre- 
dient layer. The heating temperature may be a 
temperature at which the heat-meltable material 
entirely melts and therefore the temperature is not 
required to be strictly controlled. Then a mixture of 
the heat-meltable material and a water-insoluble 
and non-heat-meltabie dissolution-controlling agent 
is spread with rolling the core, thereby the mixture 
adhering to the core. Although the mixing ratio of 
the heat-meltable material to the non-heat-meltable 
material somewhat varies accoring to the combina- 
tion of these two components, 5 : 95 to 50 : 50, 
preferably 10 : 90 to 40 : 60 by weight is suitable. 
In case that the ratio of the heat-meltable material 
is higher than the above-mentioned ratio, granule 
easily agglomerates and adheres to walls of the 
apparatus, resulting lowerings of recovery percent- 
age and of good product percentage. On the other 
hand, in case that the ratio of the heat-meltable 
materia! is lower than the above-mentioned ratio, 
dusting of the non-heat-me!tab!e materia! increases 
resulting in a lowering of recovery percentage. 

The rotating speed is carried out at from 50 to 
500 rpm, preferably from 60 to 400 rpm. for from 3 
to 300 minutes, preferably for from 5 to 180 min- 
utes. 



The thickness of the coating layer of thus ob- 
tained sustained - release granule is usually from 5 
to 100 u m. The particle diameters of the heat- 
meltable material to be used in the process of the 
6 present invention are suitably in a range of from 1 
to 500 u m, preferable from 5 to 300 u m. The 
coating layer prepared according to the process of 
the present invention has high density and is uni- 
form in distribution of the dissolution-controlling 

10 agent in the coating layer. Therefore high 
dissolution-controlling ability can be given for a 
sustained release pharmaceutical preparation Fur- 
thermore, thus obtained sustained release phar- 
maceutical preparation has smooth surface and 

75 high sphericity, and therefore the fluidity is high. 

When a medicinal compound having low solu- 
bility is used in the process of the present inven- 
tion, a water-soluble and non-heat-meltable material 
or a water-soluble and heat-meltable material can 

20 be added to the components of the coating layer 
for controlling the dissolution of the medicinal com- 
pound in order to increase the dissolution rate. 
Such water-soiuble material is generally used in a 
range of from 2 to 50 % by weight based on the 

25 weight of the coating layer. 

In the above-mentioned two steps (i.e. the for- 
mation of an effective ingredient layer on a carrier 
and the formation of a coating layer on the core), it 
is preferred to use the medicinal compound, the 

30 pharmaceutical additive and the dissolution-control- 
ling agent in the form of powder. 

According to the method of the present inven- 
tion, a sustained release pharmaceutical prepara- 
tion can be readily obtained without using any 

35 solvent. Further, the method of the present inven- 
tion is advantageous in that the formation of core 
containing a medicinal compound and the forma- 
tion of a coating layer can be successively carried 
out in the same apparatus; that there is hardly any 

40 coagulation of granule during the above-mentioned 
two steps; and that the dissolution rate of the 
medicinal compound can be readily controlled by 
selecting the coating amount and the coating com- 
position 

45 Thus obtained sustained release pharmaceuti- 
cal preparation of the present invention may be 
used as it is, for example, as granule, fine granule 
or the like. Alternatively the sustained release phar- 
maceutical preparation may be tabletted optionally 

50 together vwth an excipient, a lubricant, a disintegra- 
tor and the like to give sustained release tablets or 
may be filled in capsules, if necessary, together 
with a lubricant to give sustained release capsules. 
The present invention is more specifically de- 

55 scribed and explained by means of the following 
Test Examples and Examples in which all percents 
and parts are by weight unless othenvise noted. It 
Is to be understood that the present invention is not 
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limited to the Examples, and various changes and 
modifications may be made in the invention without 
departing from the spirit and scope thereof. 

Example 1 

Nonpareil (granulated sucrose, from Freund In- 
dustrial Co. Ltd., Japan) having the diameter of 710 
to 840 IX m (250 g) was put into the centrifugal 
fluldizing type granulating and coating apparatus 
(CF-360, made by Freund Industrial Co. Ltd.. Ja- 
pan) and rolled in it at 200 rpm at 90 'C. With 
rolling the Nonpareil, thereto was gradually spread 
a mixture of diltiazem hydrochloride having the 
diameter of 5 to 50 u m (188 g) and hydogenated 
castor oil having the mean particle diameter of 25 
a m (62 g), thereby the mixture adhering to the 
Nonpareil. Thus a core was prepared. No dusting 
of powder nor agglomeration of carrier and/or core 
was observed during the preparation of the core. 
Then the obtained core (200 g) was put into the 
above-mentioned centrifugal fluidizing type 
granulating and coating apparatus and rolled in it at 
200 rpm at 90 'C. With rolling the core, thereto was 
gradually spread a mixture (40 g) of hydrogenated 
castor oil having the mean particle diameter of 25 
U m and talc having the mean particle diameter of 
10 a m In the ratio of 2 : 8. thereby the mixture 
adhering to the core. Thus a sustained release 
pharmaceutical preparation wherein the ratio of the 
amount of the coating layer was 20 % to that of the 
core was obtained (Pharmaceutical preparation 1). 

Furthermore, the above-mentioned mixture (80 
g) of hydrogenated castor oil and talc was spread 
to the core in the same way as mentioned above, 
thereby the mixture adhering to the core. A sus- 
tained release pharmaceutical preparation wherein 
the ratio of the amount of the coating layer was 40 
% to that of the core was thus obtained 
(Pharmaceutical preparation 2). 

Example 2 

The procedure was carried out in the same 
manner as in Example 1 except for using a mixture 
(40 g. 60 g or 80 g) of hydrogenated castor oil 
having the mean particle diameter of 25 u m and 
magnesium stearate having the mean particle di- 
ameter of 15 u m In the ratio of 2 : 8 instead of the 
mixture of hydrogeneated castor oil and talc. Sus- 
tained release pharmaceutical preparations wherein 
the ratios of the amount of the coating layer were 
respectively 20 %. 30 % and 40 % to that of the 
core were thus obtained (Pharmaceutical prepara- 
tion 3. 4 and 5 respectively). 

Example 3 



The procedure was carried out in the same 
manner as in Example 1 except for using a mixture 
(60 g or 80 g) of hydrogenated castor oil having 
the mean particle diameter of 25 a m and calcium 

5 stearate having the mean particle diameter of 5 u 
m in the ratio of 2 : 8 instead of the mixture of 
hydrogeneated castor oil and talc. Sustained re- 
lease pharmaceutical preparations wherein the ra- 
tios of the amount of the coating layer were re- 

10 spectlvely 30 % and 40 % to that of the core were 
thus obtained (Pharmaceutical preparation 6 and 7 
respectively). 

Example 4 

Nonpareil having the diameter of 710 to 840 u 
m (250 g) was put into the centrifugal fluidizing 
type granulating and coating apparatus (CF-360) 
and rolled in it at 90* C. With rolling the Nonpareil, 

20 thereto was gradually spread a mixture of 
nicotiamide having the diameter of 5 to 50 u m 
(176 g), talc having the mean particle diameter of 
10 u m (20 g) and hydogenated castor oil having 
the mean particle diameter of 25 u m (44 g), 

25 thereby the mixture adhering to the Nonpareil. 
Thus a core was prepared. No dusting of powder 
nor agglomeration of carrier and/or core was ob- 
served during the preparation of the core Succes- 
sively, with rolling the core (200 g) in the above- 

30 mentioned apparatus at 90 ' C, thereto was gradu- 
ally spread each mixture (30 g) of 
polyethyleneglycol 6000 having the mean particle 
diameter of 100 u m, hydrogenated caster oil hav- 
ing the mean particle diameter of 25 u. m and 

35 magnesium stearate having the mean particle di- 
ameter of 20 u m in the ratio of 0 : 2 : 8, 5 : 1 5 : 
80, 1 : 1 : 8 or 2 : 0 : 8. thereby the mixture 
adhering to the core. Thus four kinds of sustained 
release pharmaceutical preparations wherein the 

40 ratio of the amount of the coating layer was 15 % 
to that of the core were obtained. 

Example 5 

45 The procedure was carried out in the same 
manner as in Example 4 except for using a mixture 
(75 g) of hydrogenated rape seed oil having the 
mean particle diameter of 30 u m and ethylcel- 
lulose having the mean particle diameter of 5 u m 

50 in the ratio of 35 : 65 instead of the mixture of 
polyethylene glycol 6000, hydrogenated castor oil 
and magnesium stearate A sustained release phar- 
maceutical preparation wherein the ratio of the 
amount of the coating layer was 15 % to that of the 

55 core was thus obtained. 

Example 6 
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With rolling the core (500 g) obtained in the 
same way as in Example 4 at 70 'C, thereto was 
spread a mixture (150 g) of stearyl alcohol having 
the diameter of at most 250 u m and titanium 
dioxide having the mean particle diameter of 0.4 n 
m in the ratio of 1 : 9, thereby the mixture adhering 
to the core. A sustained release pharmaceutical 
preparation wherein the ratio of the amount of the 
coating layer was 30 % to that of the core was thus 
obtained. 

Example 7 

With rolling the core (500 g) obtained in the 
same way as in Example 4 at 80* C. thereto was 
spread a mixture (150 g) of stearic acid having the 
diameter of at most 250 u m, talc having the mean 
particle diameter of 10 U- m and precipitated cal- 
cium carbonate having the mean particle diameter 
of 10 IX m in the ratio of 2 : 6 : 2, thereby the 
mixture adhering to the core. A sustained release 
pharmaceutical preparation wherein the ratio of the 
amount of the coating layer was 30 % to that of the 
core was thus obtained. 

Example 8 

Nonpareil having the diameter of 710 to 840 u 
m (250 g) was put into the centrifugal fluidizing 
type granulating and coating apparatus (CF-360) 
and rolled in it at 90 ' C. With rolling the Nonpareil, 
thereto was gradually spread a mixture of theophyl- 
line having the diameter of 5 to 50 u m (189 g). 
talc having the mean particle diameter of 10 u m 
(21 g) and hydogenated castor oil having the mean 
particle diameter of 25 u m (40 g). thereby the 
mixture adhering to the Nonpareil, Thus a core was 
prepared. No dusting of powder nor agglomeration 
of carrier and/or core was observed during the 
preparation of the core. Successively with rolling 
the core (500 g) in the above-mentioned apparatus 
at 75 'C, thereto was gradually spread each mix- 
ture (150 g) of hydrogenated rape seed oil having 
the mean particle diameter of 30 u m, talc having 
the mean particle diameter of 10 a m and lactose 
having the mean particle diameter of 50 u m in the 
ratio of 2 : 7 : 1 or 2 : 8 : 0, thereby the mixture 
adhering to the core. Thus two kinds of sustained 
release pharmaceutical preparations wherein the 
ratio of the amount of the coating layer was 30 % 
to that of the core were obtained. 

Example 9 

Purified sucrose having the diameter of 150 to 
180 u m (1000 g) was put into the centrifugal 
fluidizing type granulating and coating apparatus 
(CF-360) and rolled in It at 75 *C. With rolling the 



purified sucrose, thereto was gradually spread a 
mixture of diltiazem hydrochloride having the diam- 
eter of 5 to 50 u m (600 g), talc having the mean 
particle diameter of 10 u m (200 g) and hydogenat- 

5 ed rape seed oil having the mean particle diameter 
of 30 u m (200 g), thereby the mixture adhering to 
the purified sucrose. Thus a core was prepared. No 
dusting of powder nor agglomeration of carrier 
and/or core was observed during the preparation of 

10 the core. Successively, with rolling the core (1000 
g) in the above-mentioned apparatus at 75 'C. 
thereto was gradually spread a mixture (1000 g) of 
hydrogenated rape seed oil having the mean par- 
ticle diameter of 30 u m and talc having the mean 

75 particle diameter of 10 u m in the ratio of 2 : 8, 
thereby the mixture adhering to the core. Thus a 
sustained release pharmaceutical preparation 
wherein the ratio of the amount of the coating layer 
was 100 % to that of the core was obtained. 

20 

Example 10 

Nonpareil having the diameter of 71 0 to 840 u 
m (500 g) was put into the centrifugal fluidizing 

25 type granulating and coating apparatus (CF-360) 
and roiled in it at 200 rpm at 35* C. With rolling the 
Nonpareil, thereto was gradually spread 
nicotramide having the particle diameter of 5 to 50 
U m (400 g) with spraying a 3 % aqueous ethanol 

30 solution of 3 % polyvinyl-pyrrolidone (300 g), there- 
by nicotinamide adhering to the Nonpareil. Thus a 
core was prepared. No dusting of powder nor ag- 
glomeration of carrier and/or core was observed 
during the preparation of the core Successively, 

35 with rolling the core (500 g) in the above-men- 
tioned apparatus at 90 *C, thereto was gradually 
spread a mixture (150 g) of hydrogenated castor oil 
having the mean particle diameter of 25 u m and 
talc having the mean particle diameter of 10 u m in 

40 the ratio of 2 : 8, thereby the mixture adhering to 
the core. Thus a sustained release pharmaceutical 
preparation wherein the ratio of the amount of the 
coating layer was 30 % to that of the core was 
obtained. 

45 

Test Example 1 

The dissolution test according to the puddle 
method (37 *C. 900 ml of water, 100 rpm) based 

50 on the specification, of the dissolution test under 
11th revised Japanese Pharmacopoeia (JPXI) was 
carried out with respect to each core and each 
sustained release pharmaceutical preparation 
(Pharmaceutical preparation 1 to 7) obtained in 

55 Example 1. 2 or 3. 

The results of the dissolution tests are shown 
in Figures 2 to 4. As shown in Figures, it is recog- 
nized that the dissolution rate is controlled In every 
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sustained release pharmaceutical preparation of the 
present invention and that the dissolution rate can 
be controlled by selecting the coating amount 

(percentage). 

Claims 

1. A sustained-release pharmaceutical prepara- 
tion comprising: 

(1 ) a carrier, 

(2) an effective ingredient layer which is 
formed around the carrier, said effective in- 
gredient layer containing a medicinal com- 
pound and a heat-meltable material as a 
binder, and 

(3) a coating layer which is formed around 
the effective ingredient layer, said coating 
layer containing a non-heat-meltable 
dissolution-controlling agent and a heat- 
meltable material as a binder. 

2. The sustained-release pharmaceutical prepara- 
tion of claim 1 wherein the heat-meltable ma- 
terial Is selected from the group consisting of a 
higher fatty acid, a higher aliphatic alcohol, an 
ester of a higher fatty acid, an ester of a 
hydroxyl group-containing higher fatty acid and 
a polyethyleneglycol. 

3. The sustained-release pharmaceutical prepara- 
tion of claim 2 wherein the higher fatty acid is 
a saturated or unsaturated fatty acid having 10- 
32 carbon atoms, or wherein the higher al- 
iphatic alcohol is an aliphatic monatomic al- 
cohol having 1 2-30 carbon atoms. 

4. The sustained-release pharmaceutical prepara- 
tion of claim 2 wherein the ester of a higher 
fatty acid is selected from the group consisting 
of an ester of a saturated or unsaturated fatty 
acid having 14-24 carbon atoms and an al- 
iphatic monatomic alcohol having 12-24 carbon 
atoms, an ester of a saturated or unsaturated 
fatty acid having 12-18 carbon atoms and 
glycerine(glyceiine) and a hydrogenated com- 
pound thereof. 

5. The sustained-release pharmaceutical prepara- 
tion of claim 2 wherein the ester of a hydroxyl 
group-containing higher fatty acid is selected 
from the group consisting of an ester of a 
hydroxyl group-containing fatty acid having 12- 
22 carbon atoms and an aliphatic monatomic 
alcohol having 12-22 carbon atoms, an ester of 
a hydroxyl group-containing saturated fatty 
acid having 12-22 carbon atoms and glycerine, 
an ester of a hydroxyl group-containing unsatu- 
rated fatty acid having 12-22 carbon atoms and 



glycerine and a hydrogenated compound 
thereof. 

6. The sustained-release pharmaceutical prepara- 
s tion of any one of the preceding claims 

wherein the non-heat-meltable dissolution-con- 
trolling agent is selected from the group con- 
sisting of magnesium stearate, calcium 
stearate, talc, titanium dioxide, colloidal silicon 
70 dioxide, magnesium silicate, dried aluminium 

hydroxide gel, precipitated calcium carbonate 
and calcium sulfate. 

7, The sustained-release pharmaceutical prepare- 
rs tion of any one of the preceding claims, 

wherein the heat-meltable material is selected 
from the group consisting of hydrogenated 
castor oil, a polyethyleneglycol, hydrogenated 
rape seed oil, stearyl alcohol and stearic acid, 
20 and the non-heat-meltable dissolution-control- 
ling agent is selected from the group consist- 
ing of talc, magnesium stearate, titanium diox- 
ide and precipitated calcium carbonate. 

25 8. A process for preparing s sustained-release 
pharmaceutical preparation which comprises: 

(1) adding a mixture containing a medicinal 
compound and a heat-meltable material to a 
particulate carrier with rolling the carrier at a 

30 temperature at which the heat-meltable ma- 

terial can melt, to form an effective ingre- 
dient layer containing the medicinal com- 
pound and the heat-meltable material as a 
binder around the carrier, thereby providing 

35 a core, and 

(2) successively adding a mixture containing 
a heat-meltable material and a non-heat- 
meltable dissolution-controlling agent to the 
core under the same condition as in the 

40 step (1) to form a coating layer containing 

the non-heat-meltable dissolution-controlling 
agent and the heat-meltable material as a 
binder around the core. 

45 9. The process of claim 8 wherein the heat-melt- 
able material is selected from the group con- 
sisting of a higher fatty acid, and a higher 
aliphatic alcohol, an ester of a higher fatty acid, 
an ester of a hydroxyl group-containing higher 

50 fatty acid and a polyethyleneglycol. 

10. The process of claim 8 or claim 9 wherein the 
non-heat-meltabie dissolution-controlling agent 
is selected from the group consisting of mag- 
55 nesium stearate. calcium stearate, talc, 
titanium dioxide, colloidal silicon dioxide, mag- 
nesium silicate, dried aluminium hydroxide gel, 
precipitated calcium carbonate and calcium 
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ester of a hydroxyl group-containing higher 
fatty acid is selected from the group consisting 
of an ester of a hydroxyl group-containing fatty 
acid having 12-22 carbon atoms and an al- 
5 Iphatic monatomic alcohol having 12-22 carbon 

atoms, an ester of a hydroxyl group-containing 
saturated fatty acid having 12-22 carbon atoms 
and glycerine, an ester of a hydroxyl group- 
containing unsaturated fatty acid having 12-22 
TO carbon atoms and glycerine and a hydroge- 
nated compound thereof. 

7. A process as claimed in any one of the pre- 
ceding claims, wherein the non-heat-meltable 

15 dissolution-controlling agent is selected from 
the group consisting of magnesium stearate, 
calcium stearate. talc, titanium dioxide, col- 
loidal silicon dioxide, magnesium silicate, dried 
aluminium hydroxide gel, precipitated calcium 
20 carbonate and calcium sulfate. 

8. A process as claimed in any of the preceding 
claims, wherein the heat-meltable material is 
selected from the group consisting of hydroge- 
ns nated castor oil, a polyethyleneglycol, hydro- 

genated rape seed oil. stearyl alcohol and 
stearic acid, and the non-heat-meltab!e 
dissolution-controlling agent is selected from 
the group consisting of talc, magnesium 
30 stearate, titanium dioxide and precipitated cal- 
cium carbonate. 



sulfate. 

11. A preparation or a process as claimed in any 
one of the preceding claims wherein the me- 
dicinal compound is a calcium antagonist such 
as diltiazem hydrochloride, verapamil hydro- 
chloride, nicardipine, nitrendipine or 
nimodipine, an antiasthmatic agent such as 
theophylline or trimetoguinol, a water-soluble 
vitamin, an antibiotic, an antimallgnant-tumor 
agent, an antipyretic analgesic, or an antl- 
hyperglycemic agent. 

Claims for the following Contracting States : 
ES, GR 

1. A process for preparing a sustained-release 
pharmaceutical preparation comprising: 

(1) a carrier. 

(2) an effective ingredient layer which is 
formed around the carrier, said effective in- 
gredient layer containing a medicinal com- 
pound and a heat-meltable material as a 
binder, and 

(3) a coating layer which is formed around 
the effective ingredient layer, said coating 
layer containing a non-heat-meltabie 
dissolution-controlling agent and a heat- 
meltable material as a binder 

wherein the stated ingredients are formulated 
together to fomn the defined preparation. 

2. A process as claimed in claim 1, wherein the 
heat-meltable material is selected from the 
group consisting of a higher fatty acid, a higher 35 
aliphatic alcohol, an ester of a higher fatty acid, 

an ester of a hydroxyl group-containing higher 
fatty acid and a polyethyleneglycol. 

3. A process as claimed in claim 2. wherein the 4o 
higher fatty acid Is a saturated or unsaturated 

fatty acid having 10-32 carbon atoms. 

4. A process as claimed in claim 2, wherein the 
higher aliphatic alcohol is an aliphatic mon- 45 
atomic alcohol having 12-30 carbon atoms. 

5. A process as claimed in claim 2, wherein the 
ester of a higher fatty acid is selected from the 
group consisting of an ester of a saturated or 50 
unsaturated fatty acid having 14-24 carbon 
atoms and an aliphatic monatomic alcohol hav- 
ing 12-24 carbon atoms, an ester of a satu- 
rated or unsaturated fatty acid having 12-18 
cartoon atoms and glycerine and a hydroge- 55 
nated compound thereof. 

6. A process as claimed in claim 2. wherein the 



9. A process as claimed in any one of the pre- 
ceding claims which comprises: 

(1) adding a mixture containing a medicinal 
compound and a heat-meltable material to a 
particulate carrier with rolling the carrier at a 
temperature at which the heat-meltable ma- 
terial can melt, to form an effective ingre- 
dient layer containing the medicinal com- 
pound and the heat-meltable material as a 
binder around the carrier, thereby providing 
a core, and 

(2) successively adding a mixture containing 
a heat-meitabie material and a non-heat- 
meltable dissolution-controlling agent to the 
core under the same condition as in the 
step (1) to form a coating layer containing 
the non-heat-meltable dissolution-controlling 
agent and the heat-meltable material as a 
binder around the core. 

10. A process as claimed in any one of the pre- 
ceding claims wherein the medicinal com- 
pound is a calcium antagonist such as dil- 
tiazem hydrochloride, verapamil hydrochloride, 
nicardipine, nitrendipine or nimodipine, an an- 
tiasthmatic agent such as theophylline or 
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trimetoquinol, a water soluble vitamin, an anti- 
biotic, an antimalignant tumor agent, an anti- 
pyretic analgesic or an antihyperglycemic 
agent. 
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FIG. 2 
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FIG. 3 
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